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HELIOS-A
MICROMETEOROID IMPACT DATA

74-097A~12A

This data set has been restored. There was originally one
9-track, 1600 BPI tape written in Binary. There is one restored tape.
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tape was created on a DEC10 computer and the restored
tape was created on an IBM 9021 computer. The DR and DS numbers along

with the corresponding D number are ag follows:

DR# ' DS# D# FILES TIME SPAN

DR(05294 DS005294 D046013 1 12/19/74 - 01/02/80



REQ. AGENT RAND NO. ACQ. AGENT
DEW V0106 HKH

HELIOS A

MICROMETEOH@QD IMPACT DATA
74-097a-12A

This data set consists of 1 magnetic tape.

The tape
is 1600 BPI,

9 track, binary with one file of data on it.
The tape was created on a DEC-10 computer.

D¢ C# TIME SPAN

D-46103 C-21794 12/19/74 - 01/02/80
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General Information to the data tape

The data are written on a 9 track tape with 1600 BPI, using a
FORTRAN-program, The records are written on the tape in a binary

DEC-10-style. The data ends with an EOF-mark.

The added program shows how the tape was written.

As well we added a copy of the Hardware Reference Manual,
describing the Number System and the Tape Format of the DEC-10.
The organisation of the data and the scientific meaning of every

word you will find in the added description.




10100
10220
~19300
40400
BRLTT
. .600
18700
30860
80948
~11060¢

Jllaa

8120¢
413480
71460
21500
Q1600
917090
91800
p1900
02000
32109
02200
82300
02400
02508
02600
02700
¥28¢083
82900
-33000
3loeg
893200
933990
03490
33500
03600
03700
03300
93900
-04000
04100
84290
24300
04400
04500
84600
~g4790
34300
24930
05000
85190
25200
05300
85400
45500
5600
5708
05800
75900
86000

* % % % % ¥ % O % % % F W % ¥ ¥ ¥

PROGRAM WRITES HELIOS A DATA FROM DISK ON TAPE
MOUNT MTA:3/REELID:D7XX@1/v:"1608 BPI,9 TRACK"/WRITE:YES
EXE WDS5.FOR,IUTIL.REL

AUTHOR: W.I.RIMPLER
DATE : 15-07-81
MACHINE: DEC-18
LANGUAGE: FORTRAN IV

REAL*8 MOUT (48) ,RR,RL,ZSI(66),C(258)
DIMENSION XMZ(4), IREC(2219), ISDB(506), SDAT(47),

& CH(12)

REAL*8 DLSSP,RNDLSS,FULTIM,RAZA,DELRH,DELRAS,WTIME,QSP

INTEGER IA,IT,EA,ET,PF,PE,SEC,AD,AA,PC,SC,LC,DC, TP,WI,DI,01,02,E!
FSI,MI,TI,BR,FM,ECT,SCD,SCH,SCM,SCMS, SPECTR(45) ,TIDE,GMD,GMH,GMM, |
FGMMS,0102C,EDSIC, IAMI,BCT,SSP, TSPC,DATEC,ESA, FOURY (45) , ECTCK,
FISPEIC,KENNUN, IENDBL

EQUIVALENCE (DLSSP, ISDB.{347}), (RNDLSS, ISDB (4048))

EQUIVALENCE(ISDB(323) ,FULTIM), (ISDB(327),BLOCKE)
F, (ISDB(351),RAZA)
F,(ISDB{332),DELRH)
F, (ISDB(334) ,DELRAS)
F, (ISDB(336) ,WTIME)
F, (ISDB(3),FM)
F, (ISDB(4),BR)
F,(ISDB(7), IDM)
F, (ISDB(9) ,GMD)
F, (ISDB(10) ,GMH)
F, (ISDSB(11),GMM)

EQUIVALENCE (ISDB{12) ,GMMS)
F,(ISDB(13),5CD)
F,(ISDB{14),SCH)
F,(ISDB(15),SCM)
F,(ISDB(16) ,SCMS)
F, (ISDB(19),IA)
F, (ISDB(28),1IT)
F, (ISDB(21),EA)
F,(ISDB(22),ET)
F, (ISDB(23),PF)
F, {ISDB(24),PE)

EQUIVALENCE (ISDB(25),ECT)
F, (ISDB(26),TIDE)
F, (ISDB(27),TI)
F, (ISDB(28) ,SEC)
F,{ISDB(29),AD)
F, (ISDB(31),AA)
F, (ISDB(32),PC) :
F, (ISDB(33),SC)
F, (ISDB(34),LC)
F, (ISDB(35),DC)
F,(ISDB(36),ED)

EQUIVALENCE (ISDB(37),SI)




06100 F,(1SDB(38),01)
06200 F, (ISDB(39),02)
96300 F,(ISDB(40),TP)
~ 06400 F,(ISDB(41),WI)
06500 F,(ISDB(42),DI)
75600 F, (ISDB(43) ,MI)
. L6708 F, (ISDB(44) ,SPECTR)
068060 F, (ISDB(325) ,KENNUN)
06900 F,(ISDB(326),BCT)
07000 F, (ISDB(329),IENDBL)
071840 EQUIVALENCE (ISDB(338),ISPEIC)
87200 'F,(ISDB(341),0102C)
a7300 F,(ISDB(342),EDSIC)
- 57400 F,{ISDB(343),DATEC)
7500 F, (ISDB(344),1IAMI) .
07690 F, (ISDB(346),35P)
_B7700 F, {ISDB(349),TSPC) _
07880 F,(ISDB(350),ESA)
#7908 F,{1SDB(353),FOURY)
88000 F,(ISDB(398),ECTCK)
98100 REAL*8 QCB,RVU,RV,RV0O,RMU,RM, RMO
p8200 EQUIVALENCE (ISDB(410) ,RV),(RM,ISDB{416))
#8303 F,(ISDB(406),0CB), (ISDB(408) ,RVU), (ISDB(412),RV0), (ISDB (414} ,RMU)
- 08400 F, (ISDB(418) ,RMO)}, (ISDB(428),QSP)
08508  *
y850p  *
_ 08730 EQUIVALENCE (IREC(83) ,RR), (IREC(81) ,RL), (ZSI,IREC{585)),
WEEDL & (IREC(1219},C)
g89p8  *
o9u0Q  *
719100 * .
49200 OPEN (UNIT=1,DEVICE="'DSK',ACCESS='SEQIN',MODE="BINARY',
293060 & RECORDSIZE=96,FILE='MZHIG.OUT")
~ 09440 OPEN (UNIT=2,DEVICE="DSK',ACCESS="SEQIN' ,MODE="'BINARY"',
095@0 & RECORDSIZE=2219,FILE='ALL.DAT')
09680 OPEN{UNIT=3,DEVICE="MTA',DENSITY='1600"',MODE="BINARY",
09709 & ACCESS='SEQOUT')
0es8gg  *
9990y  *
16000  *
" 19104 REWIND 3
10208  *
10360  *
-10434¢ * ACTIVE TIME ON TAPE
10500 %
10699  *
10760 DD 26 IK=1,4
10800 26 READ (1) MOUT
10900 DO 1 I=1,202
11000 DO 3 K=1,4
" 11190 : XMZ (K)=a.
11200 3 CONTINUE
113909 DO 2 J=1,10
L 11409 READ(1,END=666,ERR=777) MOUT
11500 XMZ (1) =XMZ (1) +MOUT (17) (
11600 XMZ (2)=XMZ (2) +MOUT (29)
1760 XMZ (3)=XMZ(3)+(MOUT (22} +MOUT(23) +MOUT (24))/3.
L1809 XMZ (4)=XMZ(4) + (MOUT (30) +MOUT (31) +MOUT(32)) /3.
119900 2 CONTINUE

12000 DO 4 K=1,4
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XMZ (K)=XMZ (K)/8640049.

CONTINUE

WRITE(3,END=888,ERR=999) XMZ

CONTINUE

DO 5 K=1,4

AMZ (K)=0.

CONTINUE

DO 6 K=1,4

READ(1,END=666,ERR=777) MOUT

XMZ (1)=XMZ (1) +MOUT(17)

XMZ (2)=XMZ(2) +MOUT{29)

XMZ (3)=XMZ (3)+ (MOUT (22)+MOUT (23) +MOUT(24)) /3.
XMZ (4)=XMZ (4) + {MOUT (30) +MOUT (31) +MOUT(32})/3.
CONTINUE '

Do 7 K=1,4

XMZ (K)=XMZ (K) /4.

XMZ (K) =XMZ (K) /86404. -

CONTINUE :

WRITE (3,END=888,ERR=999) XMZ

PARTICLES ON TAPE

DO 8 I=1,235
READ(2,END=666,ERR=777) IREC
DO 9 J=1,500
ISDB(J)=IREC(J+84)

SDAT (1) =FLOAT (I)

SDAT (2) =FLOAT (IREC(8))

SDAT (3) =FLOAT (IREC(1@))

SDAT (4) =FLOAT (IREC(12))

SDAT (5) =FLOAT (IREC(14})

SDAT (6) =FLOAT (IREC(16})

SDAT (7) =FLOAT (DI)
SDAT (8) =RVU

SDAT (9) =RV

SDAT (1) =RVO

SDAT (11) =RMU

SDAT (12) =RM

SDAT(13)=0.
IF(IA.EQ.16.0R.EA.EQ.16) SDAT(13)=l.
SDAT (14) =RMO

SDAT (15) =RR

SDAT (16) =RL

APEX=WINKEL (ISDB(28) ,ISDB(42))
SDAT (17) =APEX

SDAT(18)=FLOAT (IREC(32))
SDAT (19) =QSP

SDAT (20} =4.

IF(IA.LE.12) SDAT(20)=3
IF(IA.LE.7) SDAT(28)=2
IF(IA.LE.4) SDAT(28)=1

SDAT (21) =FLOAT (LC)

. XHYP1=ZSI(1)+2SI(2)

XHYP2=ZSI (23)+ZSI(24) (
XHYP3=2SI(45)+2SI(46)

IHYP=3

IF(XHYP1.GE.B.75) IHYP=@
IF(IHYP.EQ.®) GOTO 40
IF(XRYP2.GE.D.75) IHYP=1
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IF(IHYP.EQ.1) GOTO 40

IF({XHYP3.GE.@.75) IHYP=2

CONTINUE _
IF(2ZSI1(25).EQ.9999,0R.XHYP2.GE.8.99) ZSI1(25)=4.
IF({251(26) .EQ.9999.0R.XHYP2.GE.9.99) ZS5I({26)=0.
[F(ZS1(29).EQ.9999.0R.XHYP2.GE.D.99) ZS5I(29)=1.
[F({ZSI(30).EQ.9999.0R.XHYP2.GE.#.99) ZSI(30)=1.

ZSI(35)=25I(35)~08.02

SDAT (22)=2ZSI(25)

SDAT (23}=251(26)

SDAT(24}=251(29)

SDAT (25)=251(30)

SDAT(26)=25I(31)

SDAT(27)=2SI(32)

SDAT(28)=25ST(35)

SDAT(29)=25I(36)

SDAT(38)=2SI(23)+251(27) -

SDAT (31)=2SI(23)+2SI(24)

SDAT(32)=FLOAT(IHYP)

SDAT(33)=0.

IF(IREC(103).EQ.16) SDAT(33)=1.

XD=0.

XLD=RM*RV*#*2 2
IF(XLD.GT.1.15E-19,.AND,IREC(32) .EQ.1.AND. IREC(126)
.EQ.1) XD=1l.

SDAT (34)=XD

IF(IREC(2219).EQ,'U') XKENN=1.

IF(IREC(2219) .EQ.'C') XKENN=2,

IF(IREC(2219) .EQ.'E') XKENN=3,

SDAT(35)=XKENN

CMAX=0,

DO 24 K=1,2%@

IF({C(K) .GE.CMAX) CMAX=C (K)

CONTINUE

CHSUM=(Q.

DO 25 K=1,225

CHSUM=CHSUM+C (K)

IF(CHSUM.EQ.¢.) CHSUM=1,

CALL ISET(CH,12,0)

DO 41 K=1,24

CH(1)=CH(1)+C(K)/CHSUM

DO 11 K=25,49

CH(2)=CH(2)+C(K)/CHSUM

DO 12 K=5¢,73

CH{3)=CH{(3)+C(K)/CHSUM

DO 13 K=74,94

CH(4)=CH(4)+C(K)/CHSUM

DO 14 K=95,114

CH{5)=CH(5)+C(K)/CHSUM

DO 15 K=115,132

CH(G)=CH(6)+C(K)/CHSUM

DO 15 K=1133,149

CH({7)=CH(7}+C(K)/CHSUM

DO 17 K=15@,166

CH(8)=CH(8)}+C(K)/CHSUM _ (

DO 18 K=167,182

CH(9)=CH(9)+C(K)/CHSUM

DO 19 K=183,197

CH(10)=CH{19)+C(K)/CHSUM

DO 20 K=198,212
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DO 21 K=213,225
CH(12)=CH(L12)+C(K)/CHSUM
DO 19 J=1,12

SDAT (J+35) =CH (J)

CONTINUE
WRITE(3,END=888,ERR=999) SDAT
CONTINUE

END FILE 3

STOP

STOP' EOF BEI READ'

STOP' PARITY-ERROR IN READ'
STOP' PARITY-ERRCR TAPE'
STOP' EOF IN WRITE'

END

FUNCTION WINKEL(JSEC,JDI})

INTEGER JSEC,JDI
IF(JDI.EQ.B)WINKEL=(JSEC-88.)*360./128.
IF(JDI.EQ.1)WINKEL=(JSEC~56.)*360./128.
IF(WINKEL.LT.0.)WINKEL=WINKEL+360.
RETURN

END




Number System

A program can interpret a data word as a 36-digit, unsigned binarv num-
ber. or the left and right halves of a word can be taken as separate 18-bit
numbers. The PDP-10 repertory includes instructions that add or subtract
one from both halves of a word, so the right half can be used for address
modification when the word is addressed as an index register, while the left
half is used to keep a control count.

The fixed-point arithmetic instructions use twos complement represen-
tations to do binary arithmetic. In a word used as a number, hit 0 (the
leftmost bit) represents the sign, 0 for positive, 1 for negative. In a positive
number the remaining thirty-five bits are the magnitude in ordinary bi-
nary notation. The negative of 2 number is obtained by taking its twos
complement. If x is an n-digit binary number, its twos complement is
2" - x, and its ones complement is (2" - 1) — x, or equivalently
(2" -~ x) - 1. Subtracting a number from 2" - 1 (i.e. from all 1s) is equiv-
alent to performing the logical complement, i.e. changing all Os to 1s and
all 1s to Os. Therefore, to form a twos complement one takes the logical
complement (usually referred to merely as the complement) of the entire
word including the sign, and adds 1 to the result. In a negative number the

sign bit is 1, and the remaining bits are the twos complement of the magni-
tude. -

1535,

+231, ={000 000 000 000 K00 000 000 000 000 010 011 001
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A twos complement addition actually acts as though the words repre-
sented 36-bit unsigned numbers, i.e. the signs are treated Just like magni-
tude bits. In the absence of a carry into the sign stage, adding two numbers
with the same sign produces a plus sign in the result. The presence of a
carry gives a positive answer when the summands have different signs. The
result has a minus sign when there is a carry into the sign bit and the
summands have the same sign, or the summands have different signs and
there is no carry. Thus the program can interpret the numbers processed in




fixed point addition and subtraction as signed numbers with thirty-five
magnitude bits or as unsigned 36-bit numbers. A computation on signed
numbers produces a result that is correct as an unsigned 36-bit number
even if overflow occurs, but the hardware interprets the result as a signed
number to detect overflow. Adding two positive numbers whose sum is
greater than or equal to 2* gives a negative result, indicating overflow; but
that result, which has a 1 in the sign bit, is the correct answer interpreted
as a 36-bit unsigned number in positive form. Similarly adding two nega-
tives gives a result which is always correct as an unsigned number in
negative form. o o _

Zero is represented by a word containing all 0s. Complementing this
number produces all 1s, and adding 1 to that produces all Os again. Hence
there is only one zero representation and its sign is positive. Since the
numbers are symmetrical in magnitude about a single zero representatien,

all even numbers both positive and negative end in 0, all odd numbers in 1 -

(a number all 1s represents —1). But since there are the same number of
numbers with each sign and zero has a plus sign, there is one more nega-
tive number than there are strictly positive numbers (nonzero numbers
with a plus sign). This is the most negative number and it cannot be pro-
duced by negating any positive number (its octal representation is 400000
000000 and its magnitude is one greater than the largest positive number),
If ones complements were used for negatives one could read a negative
number by attaching significance to the Os instead of the 1s. In twos com-
plement notation each negative number is one greater than the comple-
ment of the positive number of the same magnitude, so one can read a
negative number by attaching significance to the rightmost 1 and attach-
ing significance to the Os at the left of it (the negative number of largest
magnitude has a 1 in only the sign position). In a negative integer, 1s may
be discarded at the left, just as leading Os may be dropped in a positive
integer. In a negative fraction, Os may be discarded at the right. So long as

only Os are discarded, the number remains in twos complement form be-.

cause it still has a 1 that possesses significance; but if a portion including
the rightmost 1 is discarded, the remaining part of the fraction is now a
ones complement. Single precision multiplication produces a double length
product, and the programmer must remember that discarding the low order
part of a double length negative leaves the high order part in correct twos
complement form only if the low order part is zero.

The computer does not keep track of a binary point — the programmer
must adopt a point convention and shift the magnitude of the result to
conform to the convention used. Two common conventions are to regard a
number as an integer {binary point at the right) or as a proper fraction
{binary point at the left); in these two cases the range of numbers
represented by a single word is =2 to 2% — 1 or -1 to 1 — 2%, Since
multiplication and division make use of double length numbers, there are

special instructions for performing these operations with integrai operands. -

The format for double length fixed point numbers is just an extension
of the single length format. The magnitude (or its twos complement) is the
70-bit string in bits 1-35 of the high and low order words. Bit 0 of the high
order word is the sign, and bit 0 of the low order word is made equal to the




sign. The range for double length integers and proper fractions is thus =27
to2Y - 1and -1to1 ~ 2. The double precision instructions actually use
quadruple length numbers for products and dividends. But numbers of any
length are just a further extension of the basic format: thirty-five addi-
tional bits of the number in each lower order word, and bit 0 made equal to
the sign. Remember that truncating a multiple length negative requires an
adjustment for the twos complement unless the part discarded is zero. The
convention for bit 0 of lower order words is inconsistent with that used for
floating point format (see below). This does not affect the arithmetic in-
structions themselves, as they ignore bit 0 in all lower order words.
However instructions that negate a doubleword use the floating point con-
vention. This means that if such instructions are used for fixed point
numbers, a problem could arise when comparing one double precision
number with another.

Floating Point Numbers

The floating point instructions provide for conversion between fixed and
floating forms and handle both single and double precision floating point
numbers, The same format is used for 2 single precision number and the
high order word of a double precision number, A floating point instruction

Interprets bit 0 as the sign, but interprets the rest of the word as an 8-bit -

exponent and a 27-bit fraction. For a positive number the sign is 0, as
before. But the contents of bits 9~35 are now interpreted only as a blnary
fraction, and the contents of bits 1-8 are interpreted as an integral expo-
nent in excess 128 {(200,) code. Exponents from 128 to +127 are therefore
represented by the binary equivalents of 0 to 255 (0-377,). Floatmg point
zero and negatives are represented in exactly the same way as in fixed
point: zero by a word containing all 0s, a negative by the twos complement,
A negative number has a 1 for its sign and the twos complement of the
fraction, but since every fraction must ordinarily contain a 1 unless the
entire number is zero (see below), it has the ones complement of the expo-
nent code in bits 1-8. Since the exponent is in excess 128 code, an actual
exponent x is represented in a positive number by x + 128, in a negative

number by 127 — x. The programmer, however, need not be concerned with

these representations as the hardware compensates automatically. For ex-
ample, for the instruction that scales the exponent, the hardware interprets
the integral scale factor in standard twos complement form but produces
the correct ones complement result for the exponent.

FIS3, = 230 = 4402, % 2%
=[0l1g°001 000]10d 110 010000 V00 000 006000 000]
(VI | [ RH]
“183,, = 23, = —402,X 2"

= {11 110 111}011 001 110 000 000 000 000 600 000]

"l L ) A5




The floating point instructions assume that all nonzero operands are -

normalized, and they normalize a nonzero result. A floating point number
is considered normalized if the magnitude of the fraction is greater than or
equal to ¥ and less than 1. The hardware may not give the correct result if
the program supplies an operand that is not normalized or that has a zero
fraction with a nonzero exponent.

Single precision floating point numbers have a fractional range in
magnitude of ¥ to 1 = 2", Increasing the length of a number to two words
does not significantly change the range but rather increases the precision;
in any format the magnitude range of the fraction is Yz to 1 decreased by
the value of the least significant bit. In all formats the exponent range is
-128 to +127.

The precaution about truncation given for fixed point multiplication

applies to single precision floating point operations as they are done in

extra length; but the programmer may request rounding, which automati-
cally restores the high order part (the result) to twos complement form if it
is negative. In double precision floating point instructions, all operands and

results are double length, and all instructions calculate an extra length-

answer, which is rounded to double length with the appropriate adjustment
for a twos complement negative. In double precision format the high order
word is the same as a single precision number, and bits 1-35 of the low
order word are simply an extension of the fraction, which is now sixty-two
bits. Bit 0 of the low order word is made 0 in a result but is ignored in all
operands; e.g. the number 2'® + 2-'® has this two-word representation in
double precision format,

0N 0 010 01 17100 000 000 060G 00 000 0G0 000 VGO

0ol Ay _ 38

0{00 000 000 010 000 000 000 GO0 000 000 000 000]
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and its negative is
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The recording techmque used
is NRZ! (nonreturn to zero,

inverting). Ina given frame (ie

character position)a change in
the direction of magnetization
in any track represents a 1 in
the character bit correspond-
ing to that track, Thusif the
same bit is 0 in a string of
characters, there is no change
- in the track corresponding to
that bit; but for a string of 1s,
the Aux direction changes in
every frame,

FEBRUARY 1975

STANDARD MAGNETIC TAPE TMILO

STANDARD MAGNETIC TAPE

A system for handling industry-standard magnetic tape consists of a TMI0
control and up to eight tape transports; each unit in the system occupies a
separate cabinet. DEC supplies several types of transports that differ in tape
speed and tape handling characteristics. Each type is available in two ver-
sions, for recording information in seven tracks and nine tracks. Thusdata
transfer rates and timing depend on the transport, but each transport suppiies
information to the control such that transports of different speeds and
recording formats can be operated by a single control. Transports currently
available move tape at speeds of 45, 75 and 150 inches per second. Every
transport accommodates two 10%-inch reels (one for supply, one for takeup)
and can record information in three densities: 200, 556 and 800 bytes per
inch (bpi). A full reel has 2400 feet of half-inch tape and at 800 bpi can
store over 135 million bits of data in the 7-track format, or over 180 million

‘bits in the 9-track format.

The program communicates with the tape control, which in turm governs

all tape transports but communicates with only one transport at a time. .

Reading and writing (recording) can occur only when tape is moving forward
(from supply reel to takeup reel), but the control can space the tape (ie move
it to a new position) in either direction. Although only one transport can be
reading, writing or spacing at a time, rewinding the entire tape onto the sup-
ply reel at high speed requires only initiation by the control. The rewinding
transport then proceeds automatically while the control can operate another
transport.

Data transfers between tape and control are governed entirely by the con-

trol. Transfers between a TM10A control and memory are handled by the
program over the [0 bus, whereas the TM10B control is connected to a data
channel for automatic transfer of data to and from memory, thus bypassing
the central processor [§5.1). ‘

TAPE FORMAT

The control writes characters containing seven or nine bits of information;
one bit is written in each track. Every character is part of a data record or a
file mark. A data record contains both data characters and error-checking
characters. Every data character consists of a data byte and a lateral parity
bit, which the control generates so that the number of 1s in the character is
odd or even as specified by the program. The data bytes ina record taken to-
gether correspond to a block of words sent from memory to the control. To
separate adjacent records the control automatically erases a segment of tape
between them; this segment is called a “record gap”. The control always
stops the tape ina gap.

T




To facilitate lup'e processing. the program can group sets of data records
into files. The ¢nd of a file is indicated by a 3-inch gap followed by a file
mark. The file mark is a special record containing a single, special data.char-

acter and its LPCC. which is equivalent. The control always terminates a

function when it encounters a file mark: in particular, the control can space
by files as well as by numbers of records.

Each tape has two physical markers to indicate its extremities. These
markers are reflective strips that are sensed by photoelectric cells in the
transport tone marker can be seen on the tape in the illustration at the end

of §H4.2). The loadpoint marker is located about fifteen feet in from the

beginning of the reel and denotes the logical beginning of the tape. Reverse
functions stop .automat:ull\ at this marker. A load point gap of at least
three inches (twenty:five feet maximum) precedes the first record on the
tape. The endpoint marker is about twenty-five feet from the physical end
of the tape: the final fifteen feet of tape should be left for trailer, ie the
program should not record more than ten feet beyond the endpoint (this is
enough for a 4000-word record at low density). A status bit indicates when
the tape is beyond the endpoint. but this condition stops the tape auto-
matically only when it is spacing forward.

An annular groove is molded into the back of every reel, and the control
cannot write on the tape unless the supply reel has a plastic (write enable)
ring in this groove. By leaving the ring out. the operator can protect the data
on the tape from accidenta! destruction (overwriting or erasure).

While the control is actually processing the data portion of a record, the
data transfer rate is fixed. However, in a lengthy tape run, the effective (av-
erage) transfer rate depends on record length, which determines the percent-
age of tape taken up by gaps (at the highest density in 7-track format, each
record gap could hold 100 additional words). The effective transfer rate is
therefore a function of record length as well as tape speed and density.

Tapes recorded on some IBM
transports have a substandard
loadpoint gap of only .5 inch
and are thus not compatible
with the TM10. '

The markers are on the shiny
side of the tape. the endpoint
matker is against the edge
nearer the transport; the joad-
point marker is against the op-
posite edge.




Full words are transferred between memory and contro} even though the
tape characters may contain 6-bit or 8-bit data bytes. To write, the control
divides the words into data bytes, and when reading, the control reassembles
the bytes into words. There are several ways in which this is done. For 7-
track format, the program can select any density, and the control writes each
word as six characters, each containing a 6-bit data byte. After the control

writes the last data character for a record, it writes three blank frames (zero

T'ERST SECOND THIRD FOURTH FIYTH SIXTH

o 56 THE 1718 1328 19 30 38
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| / .
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J
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characters) foliowed by a longitudinal panty check character (LPCC). The
three blank frames constitute the end of record gap (EOR), which is used by
the control to detect the end of record. The EOR is used in writing as well as
reading since the tape encounters the write head first, and the control detects
everything shortly after writing it. The LPCC (which may be zero) produces
even parity in each of the tracks along the length of the record. The mini-
mum record gap is .75 inch.

When the control reads or writes a data record, it checks that the (lateral)
parity of every data character agrees with the parity specified by the program
and checks that every track has even (longitudinal) parity.

The 9-track format is used for recording data compatible with systems

.based on 8-bit bytes. The program must select a density of 800 bpi, and the

control writes bits 0—31 of each word in four characters, ignoring bits 32—35
altogether. The bits from left to right in each 8-bit byte are written in tracks
0-7. After writing the last data character, the control writes an EOR gap, a
cyclic redundancy character (CRC), three more blank frames, and an LPCC.
The control generates the CRC as described in §6 of USAS X3.22-1967,
USA Standard, Recorded Magnetic Tape for Information Interchange (800
CPI. NRZ. Taking the CRC bits as numbered in that document and the
track scheme defined above, CRC bit 1 corresponds to the parity track and
bits 2—9 comrespond to tracks 0-7. The standard record gap is .5 inch mini-

murm, .6 inch nominal, 25 feet maximum.
When the control reads a record in 9-track format, it assembles data into

36-bit words. Fach word is composed of four data bytes in bits 031 and the
corresponding character parity error indicators in bits 3235 (eg 2 1 in bit 33

For industry compatibility the
program must select 800 bpi
and odd parity.

The difference in nominal gap
length between 7-track and 9-
track format is duc entirely to
a difference in head spacing.
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Characters are assembled into
words in this manner by an
IDPB loop or an ASCII or
ASCIZ pseudonstruction,

- The “tracks™ referred to here

are simply a convenience for
identifying the bits in the data
bytes. The actual correspond-
ence of character bits to phys:
wal tracks on tape ss as fol-
levws

BT 204P ST 1y -
TRACK 1234567409

This scheme, which mimmizes
the etfects of errors. 1s recom-
mended in the standard refer-
enced in the text.

A 1 in an error bit does not

necessarilly mezn the corres-

ponding byte 15 in crror: the

wreor could be i the panty

track.

The program must use brt 32
4nd the parity being checked
for i owder 1o regenerate the
hitactually read trom the par-
1y track of the CRC by the
control, keeping in mind that
the pantv track does not con.
taman actual panty bit. The
panity of the CRC will be odd

it the number of data charac.

ters o the record 15 cven,
otherwise the CRC panty s
even.

Lrroes discovered 1n 4 record
in core dump format at 800
bpr can be corrected by re-
reading the record in 9-track
tarmat aF snvestipanon of the
CRC mdseates the errors are
coalined 10 a ungle track.
The program must then re-
constroct the ongimat words,
four trom cach group ot five
4-byte sets supplied hv the
control.

Two ur more contipuous miss.
g characters would he inter-
preted by the contral gs an
EOR gap. This scts the Bad
Tape flag-and termunates the
function. | ‘
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indicates an error in the character from which the byte in bits 8—15 was
taken). If errors occur. the program can use the cyclic redundancy character
to determine il the errors are confined to a single track, and if 50, to correct
them. After reading the data characters in a record, the control makes the
‘CRCavailable in a word in which bits 0—7 contain information from the data
tracks and bit 32 contains a parity error bit. The program can correct errors
by using the procedure described in Appendix B of the standard. It is not
necessary to reread the tape: the error pattern can be generated from the
data in memory. If errors are confined to a single track, the program can cor-
rect the record by complementing the bit from the bad track in every byte
whose error bit is 1.

To facilitate the use of 9-track tape for binary data applications, a core

dump format is available in which the program can select any density, and
the control uses the 9-track record format but writes full 36-bit words as five

characters cach. The first four bytes are taken from bits 0~31 of a word in -

the same manner as in 9-track format: the fifth data byte contains Os in tracks

L FIRST

1] TK 15 16 N Jo s RL]

SECOND THIRD

CORE DUEMEBY TE DISTRIKDTON

0 and"! and bits 30-35 of the word are contained in tracks 2-7. To reas-
semble the word during reading, the contrel ors the overlapping bits, The
CRC 1s written in the usual fashion, but no error bits are supplied with the
data bytes.

When writing in even parity in any recording format, the program must not
supply @ word containing a zero data byte, since this would result in a miss-
ing character (a blank frame), and no words beyond that point would be re-
assembled correctly. The ¢ontrol does not check for missing characters when
reading. but such an event always terminates the function at the end of the
current record.




Description of the data on the tape -

The data consist of two parts:

1.) the active time of the experiment

2.) the scientific results ( micrometeoroid impact data )

1.} We have four different active times, in fractions of the total

~available time, namely for

a) protected data, amplitude range 1
b) unprotected datasamplitude range 1
c) protected data, amplitude ranges 2,3,4

d) unprotected data, amplitude ranges 2,3,4

(for correlation with the data see word 20 and 21 of the scientific

data)

The data start with day 349/1974 and end with day 181/1980.

We always took the average of 10 days.

So you have 203 records with respectively 4 words.

For each of the 235 particles we have one record with 47 words.
We only used floating point numbers.

Meaning of the words:

word 1: number of particle
wordw 2: event-time year

word 3: event-time day of year




word
word
word

word

word
word

word

word

word

word

word
word
word

word

word

word
word

word

11:

12:
13:

14;
15:
16:
17:

18:

19:
20:
21:

event-time hour .
event-time minute
event-time second
0. if the impact was on the Ecliptic-Sensor

1. if the impact was on the South-Sensor

lower limit velocity (1-¢4=)

most probable impact velocity

upper limit velocity (1-07)

Tower 1imit mass (1-¢)

most probable particle mass

1. if the given mass is a lower 1imit (overflow data)

0. otherwise 4 |

upper 1imit mass (1-¢*)

distance to sun (AU) at the time of the impact

true anomaly of HELIOS 1 at the time of the impact
sensor azimuth signifies the projectéd direction of the
sensor axis to the ecliptic (900 is the direction to sun,
0% is perpendicular to the sun in direction of the apex
of HELIOS 1)

1. if true anomaly and sensor azimuth indicate an eccentric
orbit (e»0.)

0. otherwise

total charge in the mass spectrum (~10'13 C)
QI—amplitude range

1. for protected data

0. for unprotected data




word 22:
word 23:
word 24:

word 25:

word 26:
word 27:

 word 28:

word 29:

word 30:

word 31:

word 32:

word 33

word 34:

word 35:

meanvalue of the reciprocal semi-major axis

standard-derivation of the reciprocal semi-major axis

meanvalue of thekectentricity |

sfandard-derivation of the eccentricity

meanvalue of the inclination

standard-derivation of the inclination

meanvalue of the perihel distance (AU)

standardfdefivation of the perihel distance {AU) |
probability for inbound (2 0.75) and outbound (4 0.25)'
trajectbry at the moment of the impact. 0.25¢_uford 30£0.75
means that the particle was fegistered near his perihel

or aphel. (c.f. K;D.Schmidt and E.Grin, 1979,1980)
probability of hyperbolic orbit (e»l). A hyperbolic orbit

is given, if word 5130.75

shows, for which radiation pressure model (c.f. K.D.Schmidt

and E.Griin,1979,1980) the particle has a hyperbolic

orbit (word 312 0.75)

0. if the particie has a hyperbolic orbit for the models 0,1 and 2
1. if the particle has a hyperbolic orbit for the models 1 and 2

2. if the particle has a hyperbolic orbit only for model 2

3. for no radiation pressure model is word 3120.75
1. indicates an overflow of the positiv impact charge QI
0. otherwise

1. density of eccentric particles (word 18) smaller than

o

.1 g/cm3 (c.f. N.Pailer and E.Grin, 1980 and Griin et al, 1980)
0. otherwise

chemical c]aséification

1. if undefined spectrum

2. if chondritical spectrum

3. if ironrich spectrum




s

word 36-47: mass spectrum. The amount of ions is given for 12 massranges
from 16 amu to 74 amu. The total amount of ions is

normalized to 1 for the massrange 16 amu to 74 amu.

Summary of the orgénisation of the data on tape:

There are 438 records on tape.
The first 203 records with respectively 4 words (active time).

The Tast 235 records with respectively 47 words (scientific data).

Further details on the data can be obtained from

E.Griin

Max-Planck-Institut fiir Kernphysik
Saupfercheckweg 1

D-6900 Heidelberg

Federal Republic of Germany




e ]
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